Floods can be predicted with some notice and their death toll is reduced compared to other disasters (i.e., earthquakes or cyclones). Nevertheless, their negative aftermath (e.g., transport limitations, agricultural damage, water pollution, disease spreading, and effects on the people's mental health) are inescapable. This paper explored the potential of meteorological observations and enhanced data manipulation to support warning systems based on a database approach. We also focused on the development of a visualization platform to support time series data properties. The investigation emphasized that database-oriented work is adequate for relational spatial data storage and active operational mechanisms.
I. INTRODUCTION
The damage from natural disasters results not only from their maximum intensity but also their volume, duration, and areal extent. Over 50% of South Asian countries are highly susceptible to natural disasters [1] and fall in the top quarter of 193 countries at high climate risk [2] . In terms of population exposure to natural disaster (i.e., earthquakes, storms, floods, droughts), Japan ranks 4 th on a global scale [3] . In 1990-2008, its suffered-damage involved 230,000 deaths and USD 45 billion [1] . In year 2014, the United Nations Economic and Social Commission for Asia and the Pacific (ESCAP) reported that river basin floods led to the highest economic losses (USD 26.8 billion) [4] .
In recent decades, many areas around the world have suffered from severe tragedies: irregular and shifting weather patterns leading to unpredictable rainfall have affected food production, sea level rise has resulted in the contamination of coastal freshwater, while the impact of temperature on fisheries and aquatic ecosystem has been drastically intense. The frequency and incidence of such natural disasters is projected to increase [1] . On July 7, 2011 earth [5] . More recently, in January, 2015, snow has fallen in the Middle East, spreading over the northern of Saudi Arabian desert [6] .
Various global and local studies have focused on the variable (e.g., temperature, precipitation) and factors (e.g., frequency, intensity and duration) determining the severity of natural disasters. However, flood observation, monitoring and warning, through meteorological stations, telemetered networks, or remote sensing [7] are still active research subjects. Meteorological observations and monitoring are the main approaches to address environmental disasters like floods. Reliable historical data plays a major role in trend analysis and algorithm development, with probability distributions based on historical data representing an important step in the understanding of the processes leading to a disaster. Meanwhile, near real-time data illustrates the current situation and may be useful for precautionary measures.
Flood damage mitigation in Japan led by the Ministry of Land, Infrastructure, Transport and Tourism (MLIT) includes three main components: disaster prevention (i.e., improvement of the river network, information, forecasting, and warning systems), crisis response (i.e., damage assessment, flood warnings), and emergency and post-disaster recovery measures) [8] . However, the construction of a scientific database to support questions and simulations regarding flood damage is still complex but challenging and important. The goal of this study was to investigate the relationship between rainfall intensity and patterns and river floods. Specifically, this involved the review of the stations covering the study areas and the collection of historical water level records, the development of an automated technical system for hydrological data deployment, the analysis of the relationship between rainfall intensity records and radar images, the examination of the spatial distribution of heavy rainfall leading to warning alerts and determination of the river network flow, and the development of an approach to visualize time series data in an informative and user-friendly manner.
II. RELATED WORK
Hydro-meteorological data has improved numerous applications in many research studies and regions. Jarvis et al. [9] applied geographical modelling to enhance the spatial and temporal resolution of agro-meteorological data in Britain using the internet for data distribution. The internet enabled the access to spatial information [10] relating GIS, remote sensing, and database management to support decisions on disaster responses systems [11] . Hiwasaki et al. stated that policies and actions related to disaster risk reduction can be implemented integrating scientific and local community knowledge. The combination of hydro-meteorological observations with local knowledge could enhance disaster preparedness and reduce its potential risk [12] . Another study on the relationship between soil moisture, hydro-meteorological patterns, and flood types by observing discharge time series, categorized the flood occurrence based on their processes and characteristics. Nied et al. categorized weather patterns (i.e., cyclones) and identified flood types (i.e., long rain floods). Although floods seemed to be moderately related (18%) to weather patterns, the physical characteristics of the soil (i.e., saturation) could not be neglected [13] . Different approaches to investigate basins were found. Supriya et al. applied regression analysis between the weighted maximum rainfall and the maximum stream flow for flood events in catchments in South India to investigate the catchment vulnerability and suggest flood control measures [14] .
Disaster information support systems require international collaboration or evidence and most information service providers deliver news and forecasts at a national and global level (e.g., Sentinel Asia, which provides disaster information for the Asian Pacific region). Regarding remote sensing and web-GIS information, the cooperation among regional space and disaster management agencies could lead to improved disaster information support systems benefiting multiple agencies and users [15] . Ancona et al. (2014) developed a system involving internet technology and sensors to compute potential flood areas and issue alerts [16] . Early flood warnings allow flood prevention [17] , since a quick response from local communities [18] is one of the largest challenges [17] .
Based on our review, the observation of historical records and investigation of past events are a prerequisite for trend analysis. The use of meteorological data to determine rainfall and flood patterns, the improvement of real-time monitoring by seamless data assemblies, and the efficient dissemination of disaster information for a rapid response remain inspiring lines of research.
III. FRAMEWORK OF THE STUDY

A. Study Area
Japan is a country composed of islands and located in the Pacific Ocean belt. Its weather is influenced by the South Pacific seasonal summer wind, and the Siberian weather system, with its winter wind. Typhoons, with strong wind and heavy rain, often occur in May-October [19] .
The study area (34°-38° N, 136°-139° E) covered approximately 76,000 km 2 and included 11 prefectures: Aichi, Fukui, Gifu, Ishikawa, Mie, Nagano, Niigata, Shiga, Shizuoka, Toyama, and Yamanashi ( Fig. 1 ). Flood historical records from 1995-2010 for the study region were collected from the Center for Research on Epidemiology of Disasters (CRED) global database: the Emergency Events database EM-DAT. The EM-DAT was initially created in 1988 by the World Health Organization (WHO) and the Belgian Government, but worldwide collaborations have increased it until present [20] . The flood events were selected based on the following criteria: >=10 death, >=100 people affected, declaration of state of emergency, or call for international assistance. Table I shows the flood start and end dates, locations, and induced mortality and injuries. B. Approach Four main components were involved in the support, operation, management, and representation of various types of data: spatial (i.e., rivers, roads, administrative boundaries) and non-spatial (i.e., historical and near real-time data) database management and rainfall image processing systems, the development of web infrastructures for times-series.
C. Module 1: Water Level and River Monitoring
The MLIT of Japan established rainfall and water stations throughout the country, with rainfall and water level records provided by the Water Information System (WIS) website (http://www1.river.go.jp/), with historical and 10 minute interval near real-time data for different stations. In this research, web programming and databases were mainly used to manage large quantities of information for relevant spatial locations. Hourly water levels from January 2005-March 2015 were collected by 301 stations covering 11 prefectures. The stations locations were marked and the data fixed for errors (e.g., missing or incorrectly introduced values, different formats) and to ensure a uniform pattern. After a certain pattern and readable format were obtained, the data were uploaded to the PostgreSQL database with the updated station IDs as an index. Another table including station details (i.e., ID, name, prefecture, latitude/longitude, and WIS-recommended warning, evacuation and flood values) was created (Fig. 2) . An initial trial to display all stations from the data records on the map was very slow because of the amount of data. Therefore, the tables were adjusted to reduce the handling time by removing the stations with water level records below the warning threshold. Only 184 stations remained, as 80 stations always had water levels below the warning threshold and 37 stations had no warning value set. Meanwhile, 116 stations had set flood warning values (Table II) .
The water level records for all 238 stations for 10 years were kept in the database to observe the level changes over time. The database was functional and designed to provide detailed information as a non-spatial database. A GeoServer was implemented to handle it as a spatial database including the administrative boundaries and river network. Using an overlay technique, the data were combined to identify, for example, when and which stations exceeded the warning value and for which river and to assess the river flow direction by temporally analyzing the water levels. 
D. Module 2: Rainfall Radar Imagery
The Japan Meteorological Agency (JMA) is one of the main organizations providing meteorological data, with the daily broadcasted weather information and forecasting mostly relying on it. Rainfall radar images are launched and updated every hour for 19 north-south zones covering Japan and including Okinawa and other islands represented by one image for each zone.
Since November 4, 2013, two zone images (Hokuriku East and Hokuriku West) were collected and provided as non-registered Portable Network Graphic (PNG). To apply them to other maps (i.e., Google), these images must be registered and transferred to a known coordinate system (i.e., geographic latitude/longitude). Initially, the non-geographically referenced image was located and registered in a coordinate system using Exelis Visual Information Solution (ENVI) image software from Chubu University. An image property text file storing the x and y pixel sizes, coordinate, and rotational information was created. Subsequently, this file was applied to other images from the same location. The GDAL library function was used to transform the non-geographically referenced image from its geographical information. The output image was produced as a geographic raster image to be displayed in any GIS tool. All raster images were stored in the GeoServer with the files location identified in the PostgreSQL database ( Fig. 3 ). Fig. 3 Procedure for processing the rainfall radar imagery. 
E. Module 3: River Network and Alert System Analysis
The watershed, river delineation, and alert period were investigated. The creation of the watershed model required a Digital Elevation Model (DEM) to process the flow movement, with rivers and coastal lines used to identify the outlet locations. A 15 meter spatial resolution DEM was obtained from the Advanced Spaceborne Thermal Emission and Reflection Radiometer Global Digital Elevation Model (Aster GDEM) from the Japan Space System [21] and processed as shown in Fig. 4 . The flow direction was computed for each cell where water would flow through. The outcome of the flow network was used as a reference to identify the river flow respectively to the stations' locations. The 301 monitoring stations for the 32 river systems for which an alert should have been issued were selected. Database inquiries and time-based calculations were performed manually only for stations with three warning values above the threshold.
F. Module 4: River Meteorological Data Integration and Visualization
The data was related in several dimensions (i.e., spatially and temporally). Over 80,000 water level records for each station were collected. Regarding rainfall, 48 images were gathered per day covered by 2 zones since November 2013. For data presentation, a spatial web-based display for the time series records was developed, possibilitating not only the presentation of a large amount of information but also facilitating the analysis of the relationships among the data (e.g., warning station collation along a river system or identification of river overflow and land submersion after heavy rainfall). In addition to the main functions (i.e., pan/zoom facilities, toggle on/off layers), the system was also configured to support query functions by area, stations/river systems, and time series appearance (hourly rainfall radar images or water level records) on the web.
IV. RESULTS
Intense and continued rainfall may cause flooding when the capacity of a river channel is exceeded. Above we described the obtention of meteorological observations and their visualization and analysis, ensuring that historical data provided an informative scenario. Rainfall imagery presented on a map allowed a better visualization for public users impacted by floods. In addition, the collection of continuous rainfall data ensures the monitoring of future flood risk.
A. Water Level and River Monitoring
A database was created to manage the 1995-2015 records, with three threshold warning values used for comparison with actual water levels. The information could be obtained by selecting an area and station (Fig. 5 ). The interface shows the actual water and setting levels for each stage (warning, evacuation, and flood) and, together with text information, the location can be seen in another web map browser. Since the data were based on the date (year) and time (hour), an additional function was implemented for the user to access it using a drop-down or slider tool that respected the dataset properties.
B. Outcome of the Rainfall Imagery
Radar rainfall images, in a non-geographic format, were registered programmatically and previewed in association Raster Calculator with other information (i.e., settlements, roads, rivers, or meteorological stations). Spatially and temporally spreading rainfall patterns could be visualized (Fig. 6 ).
Source: The original data are provided by JMA as shown in the website and © JMA. 
C. Watershed, River Delineation, and Alerting System
The watershed and river delineation were derived from the GDEM dataset ( Fig. 7 and Fig. 8 ). The three classification (warning, evacuation, and flood level) of the alert system were set and time lapse between them was inspected through database queries. Our records showed an approximately 1-2 hours gap between the warning and evacuation and flood alerts, with the evacuation normally set too close to the flood level. If information is properly spread among the population, it may provide enough time for preparedness. Stations on the west coast (GIFU, Ishikawa) had a clearly longer period between the warning, evacuation, and flood levels compared to the other prefectures.
Consequently, the warning periods were repeated and longer. 
D. Assessment of the Meteorological Data Visualization
An approach to increase the public understanding and awareness is the use of images for communication. The animated system developed to present the time series data in a graphical format is potentially important for effective communication and decision making (Fig. 9 ). The goal was to facilitate the dissemination of updated information regarding changes in rainfall scenarios and make historical records available for the general public. Additionally, good records and management could help the historical analysis and facilitate the design of efficient and effective practices. 
V. CONCLUSION
Without discussing the advantages of receiving and disseminating information through the internet, this paper shows a well-designed database that allows the analysis of hydrological data and its corresponding map visualization more effectively than for individual data. In addition, the maintenance of archive records serves the public for educational and historical purposes. The programming and computerization allowed the generation and organization of large volumes of data that were not regularly available otherwise. Increasing the envision capability of existing rainfall radar images from reliable agencies, such as the JMA, will benefit viewers and may improve the understanding of the causes and characteristics of floods. The observation and monitorization of meteorological data was then improved for future flood watching.
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